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Abstract. Bulletproof vest serves as a barrier and simultaneously absorbing the impact energy 
of a projectile shot from a firearm so it could not injure the users. Manufacture of lighter 
bulletproof vests with good absorbent of impact energy, is expected, because it supports the 
mobility and safety of its users. In this study, a composite composed of an epoxy matrix with a 
16% Hollow Glass Microsphere (HGM) and carbon fiber reinforce to be implemented in a 
bulletproof vest. The objective of this research is to analyze the bullet-proof vests made of epoxy 
matrix composites with reinforcement in the form of HGM and carbon fiber through simulation 
with finite element method. Simulations with Ansys conducted in accordance with NIJ Standard 
0101.06 from the U.S. Department of Justice, where the projectile initial velocity of 426 m/s for 
the category IIIA class weapon with a kinetic energy of projectile amounted to 528.37 Joules. 
The simulation with Ansys was performed by varying the thickness of bulletproof vests to obtain 
optimum thickness. The outcome of this research is a bulletproof vest that absorbs the impact 
energy of the projectile, so that the energy transmitted to the body is smaller than 170 Joules. 
Having obtaining the optimum thickness of bulletproof vest, an experimental verification will 
be performed to validate the simulation results. In the simulation results showed that a bullet 
proof vest with a thickness of 20 mm has been able to meet the standards of Major General Julian 
S. Hatcher, a U.S. Army ordnance expert with great energy generated at 138.77 Joules. 
1. Introduction 
Technology is evolving rapidly in increasing of time, this resulted in the need of amassed usage of an 
alternative material because of the unbalanced availability of material now days. In the industrial world, 
the science of metal is very important in all aspects. As aspects of the usage of appropriate materials 
costs, the safety factor manageable maintenance and efficiency [1]. In the automotive industry, 
aerospace and military response to the global issues of material crisis as a challenge, and therefore a lot 
of equipment are being made with high efficiency lightweight material [2]. One that needs to be 
developed is the body of a lightweight material. By reducing the weight of a product, the lower the 
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energy consumption, so as to contribute to the issue of energy crisis being faced around the world.  
One of the materials used in the manufacture of a bulletproof vest on the inside of the light is a 
composite material. The advantages of this material are the strength to weight ratio that is higher than 
the metal material. In addition of considering the physical properties such as low density, the mechanical 
properties of the composite material should also be considered because of the associated safety of users 
of the bullet-proof vests and able to provide protection against impact loads users from working [2-4]. 
Bulletproof vest is a protective clothing that is widely used in the military world. Bulletproof vest 
protects the body the chest, stomach and backbone. Backbone and chest are major parts of the body that 
protects the vital organs of man. Bulletproof safety vest is comfortable and has passed the requirements 
of Hatcher's Notebook (1962) by Major General Julian S. Hatcher, a U.S. Army ordnance expert [5-6]. 
Hollow Glass microspheres (HGM) is a glass ball microscale applied for; research, medical, and 
consumer products in various industries. The glass balls generally have diameters ranging from 1 micron 
to 1000 micron. Hollow Glass Microsphere have a range of diameters from 10 microns to 300 microns. 
HGM is usually used as a filler for composite materials, the advantages of this HGM among others: 
 HGM has a density of small. 
 Low thermal conductivity. 
 The resistance to compression loads well. 
HGM is a type of particle amplifier. HGM is a sphere made of glass with a certain thickness and 
has a hole in it containing an inert gas. HGM has many advantages, for example, has a density that 
excels because it has a hole so suitable for use to produce light material combinations (composite). HGM 
type IM30K  is made of soda-lime-borosilicate glass with density of 0.6 g/cc, and an average diameter 
of each particle is 18 microns. HGM has high isostatic crush strength which is 28000 psi [7-9]. Table 1 
shows the types of HGM IM30K that will be used in this study. 
 
Table 1. Specifications HGM IM30K [10] 
Property IM30K 
Shape Hollow spheres with thin walls 
Composition Soda-lime-borosilicate glass 
Color, Unaided Eye White powder 
Physical Properties IM30K Test Method 
Isostatic Crush Strength 28000 psi 3M QCM 14.1.8 
True Density 600 kg/m3 3M QCM 14.24.1 
Packing Factor (bulk density 
to true particle density) 
63%  
Oil Absorption 33.5 ASTM D282-84 of polymer 
additive 
Softening Point 6000C  
Flotation Density 90%(in volume) 3M QCM 37.2 
Volatile content (by weight) 0.5 % max 3M QCM 1.5.7 
Alkalinity (miliequivalents) 0.5 mEq 3M QCM 55.19gr/max 
pH(5% loading in water) 9.5 % ASTM D3100-1982 
Diameter 18 μ 3M QCM 193.0 
 
Carbon fiber is one form of composite materials. Composite materials, which are taken from the 
English term composition materials or shortened to composite materials, is a material made of two or 
more materials making up mutually having different physical and chemical properties, that will produce 
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a material characteristic different from the materials constituent. Carbon fiber composites are one type 
of composite material using carbon fiber as one constituent [11-13]. 
This study aimed to make a bulletproof vest with a combination of carbon fiber and 16% HGM-
epoxy that is able to absorb all the impact energy and reduce weight so as to produce a lightweight vests, 
which will increase movement while on duty, and of course to reduce the penetration of bullets in 
accordance with the testing standards NIJ Standard 0101.06 that is equal to 44 mm. This study will also 
analyze the effect of the addition of carbon fiber as reinforcement in reducing the impact waterwheel 
that will be accepted by the body, thereby reducing the level of injury that would be suffered by the user 
[14-15]. 
2. Research Methodology 
Stages of research conducted is referring to the flow chart below which shows that the process occurs 
from several stages and test so that the best results are obtained as shown in the figure 1: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Flowchart research 
 
In figure 2 shows the process that occurs in the ansys software starting from modeling to the results . 
In this procedure includes several stages [16-17], namely: 
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Hollow Glass Microsphere and 
fiber carbon 
Structural steel 
 
 
 
 
Figure 2. Simulation procedures 
 
2.1 Conditioning of impact test and the absorption of kinetic energy 
In figure 3, shows the selection of material types to be used in this study which aims to provide the right 
material properties of specimen of material used [18-19]  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. The choice of material in the vests and bullet models 
 
2.2 Conditioning Meshing. 
Figure 4 shows how the selection process is very important in using Ansys, in this study using the smallest meshing 
value is aim to get the better results. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Meshing selection of the impact test 
 
2.3 Conditioning of load and fixed support on the model 
Figure 5 shows that the load in figure 5.a aims to give impact capability to the bullet by adding the speed 
of the bullet according to the standart test using the III-A type of weapon that is 426 m/s. Then in figure 
5.b, it provides fixed support on both sides of the vest design which aims as a barrier so that during the 
collision the vest design remains in the desired position. 
 
 
Modeling Meshing Constrain and Solve Result 
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                  (a)                                                                         (b) 
 Figure 5. Design of the bulletproof vest (a) Provision of the burden of a speeding bullet 426 
m/s (b) fixed support 
 
3. Results and Discussion 
Bulletproof vest deforms when receiving impact and deformation varies between different thicknesses 
of vest. The smallest deformation happens to the vest with the highest thickness, which is 20 mm 
followed by a bulletproof vest thickness of 15 mm and the highest deformation is the vest with thickness 
of 1 mm, as shown in table 2 below. 
 
Table 2. Specifications and Energy owned by the vest and the bullet. 
No Thickness 
(mm) 
The depth 
penetration (mm) 
Kinetic Energy of 
Bullets (J) 
Kinetic energy 
Vests (J) 
Internal energy 
Vests (J) 
1 1 44.71 528.37 270.99 251.99 
2 5 21.95 528.37 258.10 255.71 
3 10 12.39 528.37 228.49 269.63 
4 15 9.81 528.37 198.29 291.98 
5 20 5.54 528.37 138.77 348.27 
 
 
Figure 6 shows that with the increasing of thickness, the ability of a projectile to penetrate the vest 
is also decreases. NIJ Standard 0101.06 from the U.S. Department of Justice stated that maximum 
deformation allowed for a safe to use bulletproof vest is amounted to 44 mm. At a thickness of 1mm 
projectile capable of penetrating the vest as far as 44.71mm, while the thickness of 5 mm, 10 mm, 15 
mm and 20 mm, the deformation's depth less than 44 mm is equal to 21.95 mm; 12.39 mm; 9.81 mm; 
and 5.54 mm respectively. It can be concluded that the vest with a thickness of 5 mm, 10 mm, 15 mm 
and 20 mm has met the standard of NIJ Standard 0101.06 from the U.S. Department of Justice. 
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Figure 6. Graph of the projectile penetration decreased in increasing of thickness 
 
In Figure 7 below shows that with the increasing thickness of the vest, the bullet's kinetic energy 
that converted into the vest's kinetic energy is decreased. The kinetic energy received by the vest can 
still burden the user with load. In a bulletproof vest with a thickness of 1 mm, maximum kinetic energy 
accepted is 270.99 joules, a thickness of 5 mm maximum kinetic energy accepted is 258.10 joules, while 
for thickness 10 mm, 15 mm and 20 mm, the maximum kinetic energy accepted are 228.49 joules, 
198.29 joules and 138.77 joules respectively. Hatcher's Notebook (1962) by Major General Julian S. 
Hatcher, a U.S. Army ordnance experts declared energy of 170 joules can cause paralysis in humans, so 
it can be concluded that the vest with a thickness of 20 mm has met these standards. 
 
 
 
Figure 7. Graph increase in kinetic energy in a bulletproof vest 
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Figure 8 below shows that with increasing thickness, the kinetic energy of the bullet is converted 
into internal energy vests also increased. At vest with a thickness of 1mm the internal energy resulted 
id 251.99 joules, and the vest with a thickness of, 5 mm, 10 mm, and 20 mm, the internal energy resulted 
are, 255.71 joules, 269.63 joules, 291.98 joules, and 348.27 joules respectively. 
 
 
Figure 8. Graph showing the increment of the internal kinetic energy in a bulletproof 
vest. 
 
 
4. Conclusions 
Based on the simulation, it is concluded that: 
i. The bulletproof vest with a thickness of 20 mm produces 138.77 joules of energy, which 
is safe to use. Based on the reports of Major General Julian S. Hatcher, a U.S. Army 
ordnance experts note that the total energy of 170.2 joules is capable of causing injury and 
able to paralyze the victim. 
ii. The bulletproof vests with a thickness of 5, 10, 15, and 20 mm are safe to be used. Based 
on the NIJ standard 0101.06, penetration of the projectile against a bulletproof vest may 
not exceed 44 mm. 
iii. A vest that is safe to be used is a vest with a thickness of 20 mm. Based on two of these 
references, (standard NIJ and Major General Julian s.) 
iv. In this study, a bulletproof vest with a thickness of 20 mm is able to absorb the kinetic 
energy of the projectile in the amount of 138.77 joules of energy. The kinetic energy of the 
projectile will be transferred to the bullet-proof vests  and is converted into kinetic energy 
and internal energy in a bulletproof vest. 
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